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Abstract: Hearing conservation in acoustic
neuroma surgery via the retrosigmoid
approach depends upon a good exposure of
the internal auditory canal from behind
avoiding labyrinthine injury. The accessibility
is influenced largely by the individual
characteristics of the temporal bone and the
variability of the surgical landmarks is the
result of different skull base shapes among
different races. The aim of this study was to
evaluate the effect of race on the exposure of
the internal auditory canal of Turkish subjects
via the retrosigmoid approach. Axial
temporal bone CT scans of 40 Turkish
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Introduction
Since the common use of Magnetic Resonance
Imaging (MRI) has resulted in early diagnosis of small
acoustic neuromas in ears with good hearing, an
increased number of patients are now considered suitable
for hearing conservation surgery via the retrosigmoid
approach.
Craniotomy size is important in the retrosigmoid
approach, a small craniotomy results in a narrow angle of
exposure of the internal auditory meatus (IAM) without
breaching the labyrinth, a large craniotomy requires
marked cerebellar retraction that may result in signific
ant injury (1, 2, 3). In addition, there is a substantial
interindividual variability of the surgical landmarks; the
geometrical relationship between the fundus and the
labyrinth seems to be the most important determinant of
this variability.
Since it was reported that there were significant
differences in the dimensions of the posterior cranial
fossa between Chinese and Europeans and a larger
craniotomy was required in Europeans (3), we aimed to
evaluate the importance of race on the craniotomy size in

individuals were studied by measuring the
relevant parameters and the results were
statistically analysed and compared with
those reported previously for Chinese and
Europeans (3). The results showed
significant differences in the position of the
sigmoid sinus, orientation of the petrous
bone and posterior fossa dimensions. This led
to the conclusion that a bigger craniotomy is
needed in Turkish individuals than in Chinese
and Europeans.
Key Words: Craniometry, internal auditory
canal, race, retrosigmoid approach.

Turkish subjects and compared our results with those
obtained previously.
Materials and Methods
Forty healthy Turkish individuals were studied; there
were 24 females and 16 males, the ages were between 2
and 81 (mean: 35). Axial High Resolution Computed
Tomography (CT) scans (GE Hi-light Advantage Unit,
General Electric, Milwaukee) of the temporal bones were
obtained in a plane passing through the common crus of
the vestibule. CT scans were 1 millimeter in thickness
with 3 millimeter gaps between the slices. All of the scans
were examined using the bone algorithm.
The measurements were obtained with the on screen
capability of the software (Figure 1 and Figure 2). They
were, the line (L) drawn to join the tip of Bill’s bar at the
lateral end of the IAM to the edge of the common crus
and projected backwards to the occipital bone; the
distance (D) in millimeters from the point of occipital
intersection of L to the posterior border of the sigmoid
sinus; the best line of fit (F) along the posterior border of
the petrous bone; the acute angle (A) in degrees between

159

The Effect of Race on the Exposure of the Internal Auditory Canal Via the Retrosigmoid Approach in Turkish Subjects

L and F, the petrous angle (PA) in degrees between F and
the coronal plane and the posterior fossa index (PFI)
which is the ratio of maximum breadth (B) and length (C)
of the posterior cranial fossa x 100 (3).
The measurements D, PA and PFI were compared
with those obtained previously, reporting the significantly
different data of Chinese and European races (3).
Student’s t test was used in the comparison, and
multivariate linear regression analysis was performed for
angle A and distance D in Turkish individuals.
Results
The results of the CT measurements obtained from
Turkish individuals are shown in Table 1. In Turkish
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Figure 1.

CT scan of the right temporal
bone showing the distance
D, line L, line F and angle A.

Figure 2.

CT scan of the posterior cranial fossa showing the PA
and PFI (the ratio of
B/Cx100).

individuals, D was found to be significantly shorter than
in Europeans (p: 0.00043) but not different from
Chinese (p: 0.074). PA was significantly higher than in
both Europeans and Chinese (p: 0.00045 and p:
0.00036). PFI was found to be significantly higher than
in Europeans (p: 0.00046) but it was not different from
in Chinese (p: 0.00087) (Table 2).
The results were also evaluated in order to examine
the influence of sex (Table 3). It was found that in Turkish
subjects the measurements D, PA and PFI were
significantly lower in females than in males (p: 0.00043).
Multivariate linear regression analysis showed that there
is a positive relationship between distance D and angle A
(p: 0.0010, r: 0.77).
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Table 1.

Posterior fossa CT measurement parameters in Turkish

Table 2.

The comparison of the posterior fossa measurement
parameters D, PA and PFI between Turkish, European and

people.

Chinese people.
RANGE

MEAN

LOW

HIGH

36.4±6.53

27

54

D (millimeters)

1.95±0.57

0.8

3.4

PA (degrees)

45.85±5.47

32

57

150.75±11.62

126.50

169.70

A (degrees)

PFI

TURKISH

EUROPEAN

CHİNESE

D (millimeters)

1.95±0.57

2.46±0.46

1.70±0.64

PA (degrees)

45.85±5.47

41.56±3.16

37.71±5.52

150.75±11.62

140.09±9.21

146.38±13.78

PFI

D: the distance from the point of occipital intersection of L to the posterior border of the sigmoid sinus, PA: the petrous angle between F and

A: The acute angle between L and F, D: the distance from the point of

the coronal plane, PFI: the ratio of maximum breadth (B) and length (C)

occipital intersection of L to the posterior border of the sigmoid sinus,

of the posterior cranial fossax100.

PA: the petrous angle between F and the coronal plane, PFI: the ratio
of maximum breadth (B) and length (C) of the posterior cranial fos-

Discussion

sax100.

Hearing conservation in acoustic neuroma surgery is a
difficult task, and complete familiarity with the anatomy
and use of all available landmarks are required for
successful tumor removal.
Tumors of the IAC and cerebellopontine angle may be
removed with preservation of serviceable hearing
through the retrosigmoid approach via a suitably sized
craniotomy. However, anatomical studies have shown that
it was impossible to expose the lateralmost recess of the
IAC through this route without injury to the labyrinth (2,
4). Direct neural injury, disruption of the blood supply,
and surgical entry into the labyrinth upon removal of the
posterior wall of the IAC are likely to result in permanent
sensorineural hearing loss (4).
The recommended size of the optimal craniotomy in
the retrosigmoid approach was reported to be more than
3 cm (5), 4.0-4.5 cm (6) and 5 cm (7). The larger the
craniotomy, the more favorable is the angle of approach
and the longer IAC wall may be exposed (Figure 3). A
four centimeter craniotomy size was reported to result in
a 30 to 40 degree of approach angle which is sufficient
to remove a full two-thirds of the posterior IAC wall
without damage to the labyrinth (2). Also, every
centimeter of cerebellar retraction affords 1 millimeter
greater access to the IAC or approximately and additional
10% exposure of the IAC’s total length (1).

Figure 3.

Schematic illustration demonstrating how a large craniotomy (D1) avoids labyrinthine injury in contrast to a small
craniotomy (D2) used in the retrosigmoid approach (IAM:
Internal auditory meatus, SSC: Superior semicircular canal,
CC: Common crus, V: Vestibule, PSC: Posterior semicircular canal, SS: Sigmoid sinus).

CT is a useful modality to assess the cephalometric
landmarks; the difference between the estimated and
true landmark was reported to be significantly high when
cephalograms were used for the evaluation (8) but
excellent agreement was found between them using CT
(9).
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Table 3.

Evaluation of the posterior fossa measurement parameters
D, PA and PFI obtained from Turkish people with regard to
sex.
FEMALE

MALE

D (millimeters)

1.65±0.58

2.50±0.47

PA (degrees)

38.61±5.45

47.86±5.64

143.72±11.46

163.80±12.06

PFI

D: the distance from the point of occipital intersection of L to the posterior border of the sigmoid sinus, PA: the petrous angle between F and
the coronal plane, PFI: the ratio of maximum breadth (B) and length (C)
of the posterior cranial fossax100.

The exposure of the IAC wall through the
retrosigmoid approach was reported to be safely
accomplished medial to an imaginary line drawn on an
axial CT scan from the posterior and medial aspect of the
sigmoid sulcus passing through the fundus tangential to
the structures of the bony labyrinth (1, 10). The surgeon
must rely on measurements obtained from individual CT
scans to define the anatomy of each patient as to how far
laterally the IAC may be opened without compromising
the labyrinth (1, 2, 11, 12).
The shape and size of the cranial base is related to the
facial length and other maxillofacial morphologic features
in all species including humans (13). Anthropologically,
there is a limited variation in modern humans among
major geographic regions (14), and the race and sex of
the human skull can be determined by craniometry (15,
16). All humans have approximately equal skull capacities
(17) in spite of the differences in the size, shape and
structure of the cranium (16).

Since there are no uniform criteria regarding the
angle of approach to the IAC or the length of the
posterior IAC wall that may be removed safely (2); it
becomes clear that a recommended craniotomy size may
not be suitable for a patient from a different race.
The racial factor should be considered in
recommending an optimal size for a retrosigmoid
craniotomy to remove acoustic neuromas completely
whilst preserving hearing. It was reported that a larger
craniotomy was required in Europeans than in Chinese
with the explanation that the petrous angle was greater
in Europeans possibly accounting for the difference in the
appropriate craniotomy sizes (3).
Our results indicate that the significantly shorter D in
Turkish subjects may either be due to the more posterior
displacement of the sigmoid sinus or the more anterior
localization of the temporooccipital suture line. The
second characteristic is the significantly wider PA in
Turkish subjects pointing to a more laterally rotated
petrous bone. Also the significantly higher PFI may reflect
the greater breadth or shorter length of the posterior
cranial fossa of the population studied.
The positive relationship between D and A (3) was
confirmed in our study; if the distance D becomes longer
then angle A increases and vice versa. Therefore, for a
given angle of approach to reach the lateral end of the
IAC, a bigger craniotomy is needed in Turkish subjects
than in Europeans and Chinese, but its size may be
smaller for female Turkish patients.
We think that in light of this information, it will be
possible to more accurately predict the probability of
success of the retrosigmoid approach in Turkish people.
More hearing preservation will obviously be achieved by
properly analyzing the size of the craniotomy sufficient to
visualize the depth of tumor penetration into the IAC.
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